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PeEFach 


The influenee of shear deforpation on the behavior 
of a sandwieh-type aircraft structural panel under load hae 
deen treated at length analytically and experimentally. lWor- 
ever, as far as is known, experimentation is not complete in 
atteapting to actually measure the shearing stresses causing 
this deformation. 

A problem of interest, as pointed evt by engineers 
of Chanee Vought Aircraft, would be a etudy of the dietribu- 
tien of these shearing streeses in the core of a sandwich 
plate, such as Betalite. Sore specifically, the project the 
writer had in sind at the beginning of this work was to deter- 
mine the distribution of transverse shear stresses along the 
boundaries of a simply supported reeteangular Betalite panel 
subjected to a uniformly distributed normal load. 

Firat, however, it was neceseary to find an adequate 
testing method for weasuring theee etresees, Developing upon 
a unique idea suggeeted by frof. J. Aw Sise, University of 
Minnesota, such a method for experimentally determining the 
actual shearing stresees occurring in the core was attenpted., 

Tise consuming G@1ffieulties arising in the perfect- 
ing of this testing procedure prevented the writer from 
applying 1t to his originally chosen problem mentioned above. 
However, the method wae tested on a circular patiel and partiel 
success was reslized, the results ebtained and the testing 
method ae developed being presented herein. 
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SUBMBAAY 


Thies thesia presents the results of an inveetigation 
where an attempt wae sade to indirectly measure transverse 
shear atresees in the balsa cere of a Wetalite (sandwich-tyye, 
plate by use of a single wire electrical strain gage passed 
through the thicknees of the core at 45°. Genditions were 
ligited to a simply supperted circular panel subdjected to a 
uniformly distrituted normal load. 

Although the test methed for shear strese cevelcped 
herein was only partially svecesaful, the results indicate 
that it may be a feasible one wut further investigation is 
neceesery to substantiate the results obtained here and to im- 
prove upon the teehnique used. 

Consideration was aleo given to the defleation aurve 
ef the panel under load and to the resulting planar stresace 
in the faces of sandwich plate. Due to friction conditious 
existing between the support and the piate, the desired sis ;le 
support was not fully realized. However, test deflections 
show fair agreenent with analytical theory for the lower loed- 
ing valves. 
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IB TNGOUC TION 


The problem under consideration in thie thesis con- 
sists mainly of the development of an experimental testing 
method for measuring the transverse shearing stresses oceurr- 
ing in the balea core at the circumferential boundary of «a 
Ketalite sandwieh-type circular plate. The pane] was simply 
supported and was subjected to a uniform noraal load, 

A aeecond end subsequent isave is the measurew#ent of 
these boundary stresses, by this testing asthed, and their 
comparison with analytical predictions. «lise of minor concern, 
but atill a matter of interest, ore the deflection curves of 
the Zetalite panel during the test end the etresses oocurring 
in the aluminue faces, 

Gensidereble analytical stwdy, (ref. 1, 2 & 8), has 
veen made of shear deformation, the result of shear stress in 
the core of sandwieh material, and sose experisentai work has 
been accomplished (ref. 4 and 6). However, the distribution 
ef shesring stresses in the core hae not deen completely re- 
solved. Hence this experiaental approech te the problew 

Cnee the precedure for measuring the desired 
stresees, as explained below under Equipment and *rocecere, 
had been established, repeated norwal loading teste in 1/4 
pei. ineremente were made from 0 te 1-1/4 pei. om a 5O inok 





Giaseter Seteaiite circular panel simply supported. <Axtreme 
care in sinute adjusteents were not at all times exercised 
where concerned with tre alnor leagues, the effort oeing placed 
on an attempt to prove the method of test rather than obtain 
statistical resuite. 

The sandwich panel used in the investigation was 
Betalite, produced by Chance Vought Alreraft of callas, lexas. 
Typieal of most sandwich plates it bas the two thin high- 
etrength outer faces (alusinus alloy in this case) bonded to, 
and separated by, a relatively thick, low-density, low- 
etiffness cere (end grain balsa). The following aasueptions 
are made for the sandwich plate considered: 

(1) Faee parallel stresees in the core eay be 
negleoted so that all planar etresses are carried by the 


faces. 

(2) The facee gre very thin in comparison with the 
core. 

(3) The neutral axis lies on the middle surface of 
the core. 


(4) Shear stresses end shear defcrmation in planes 
perpendicular te the panel may be neglected in the facings 
becavee of their relatively bigh shear modwli. (Later tests, 
after reliability of thie method hae been perfected, say 
show that the faces may carry part of the transverse sear). 

(5) Traneverse shear forees are carried only by 
the core (this, too, may be disproved later) and these shear 
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ferees are distributed uniformly across the thickness cf the 
core. 

Comnaideriag a point en the neutral axis of the crose 
section of the sandwich material and applying the conditions 
prevailing there to a schrs cirele cf stresa, it is seen that 
the shearing strees present is equal numerically te the to 
prineipal etresses and that these prineipsl stresses are at a 
45° angle to the plene of the plate. If the strain of this 
prinelpal stress can be eeasured ag it oceurs in the core, 
then ite stress cen be determined and #i1ll be equal to the 
shearing strees at the neutral axis. Further, from assuap- 
tien (&), this shearing stress will be constant across the 
eross section of the plate at thet point. 

The Kohrs circles of strain and stress nentioned 
above cen be shown as follows: 


L wore Cmax 
Ewin Cox Cinin <. Cmax 


Mehra Cirele of Strain Sebrs Circle of stress 
From Theory of -lasticity: 

oan * tz ( € wax +4 Emin? aq. 1 
In the strain circle above, 


Ceax = ~ Cain 
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Henee, Be. 1 changes to, 


— - * Sates rs fasvee a aq. & 


in regard to the shearing stressee and strains, 


Cpax al ® vex 


Qo: 
Feces 
Cees = “nos 


hence, 
“Cup 4 We — s Cuan Sg. 3 


Sines the above developsent considers the saterial 
teated as homcgeneous, appropriate vaiues of & and Li must be 
chosen, The problem then ie to inetall an adequate etrain 
gage redially at a 45° angle through the thickness cf the 
Metalite plate at the point the stress is desired to be found. 

These gages were »laced as near the circsu#ferestial 
beundery as possible eo that a maxieum reading would be ob- 
tained. A eveparison could then be made to the loading 
equation for shear, i.¢.; 


cs pe Bq. 4 


where 
p « 
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te = core thickness, 
in. 
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The theory involving the minor issues, i.e., the 
panel defleetion carve and the streases in the metal faces 
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TSESCTINOG S101. ROT ABD FROOADURS 


The Setalite cireular panel tested was a product of 
Chanee Vought sireraft, Dallas, Texas. It had the following 
cherecteristics: 


(1) Sise - Diameter, 30 in. 
Cuteide average thickness, 0.26 in. 


(2) Gore - ind grain balsa. Density, 9 1d. per 
eu. ft. 4 


Thiekness of core, 0.22 in. 


(2) Faees- 0.012 in. 75S-T6 alelad, grain of 
Opposite faces parallel. 


(4) adhesive - Sedux. 

The plate had an initial domed curvature of 1/8 inch 
at the center. 

The testing apparatus is shown im Fig. 1. 4 two 
ineh thiek, forty-two inch diameter eircular flat steel plate 
was ueed as a baee. To this base was secured a support ring 
wade of one inch alweinus angle whieh had Been bent on a metal 
ehrinker to the shape of a 14-5/8 in. radius ring. The top of 
this angle was beaded (1/16 in. @ia.) aliewing sinisem contaet 
area between the support and teet plate. Sealing putty was 
weed outside the bead to assere airtightnese. 

Sy means of an aspirator, operating eff from an air 
preesure line, air wae withdrawn from the area beneath the 
test panel threugh a small hele drilled through the base 
plate. A second hose line froe this base plate opening led 
to a mercury manometer, which was open to the atmosphere. 37 
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means of a suitable seale the plate loading could be direetly 
observed at the manowseter. 

Five Ames cial deflection gages were placed radially 
as shown in Figs. 1 and i. Baldwin rosette etrain gages were 
Placed on the top and lower faces ae shown in Fig. 3. wall 
boles were drilled through the vertical web of angle support 
to earry out the wire leade from the, under side strain gages. 

The special single wire etrain gages (See Appendix 
B), set radially at a 48° angle through the core, were placed 
in peirs around the cireumferenes ef the test plate as shown 
in Fig. 2. Theee gages rad been inetallied by first drilling 
a 45° hole through the thickness of the panel with a /70 
(0.628 im. dia.) drill. A one end one-half to two inch length 
of the one ail gage wire (furnished by Saldwin *outhwark), wae 
threaded through the hole. ‘fonding glue was introdcuesd into 
the hole by meane of a (250 hypodersic needle and syringe, 
great care being exercised ae tie needle was aoved up and down 
along the wire in the hole. <A swall amommt of tension was 
kept on the wire during the drying process to prevent kinks 
ané waviness. “hen dry, tie cement acte as an insulator for 
the gage wire as it passes the aluainus faces. The exposed 
external ends ef the wire were then soldered to the °%"-Sox 
lead wires. 

Use was sade of the standerd “8-4 Baldwin “K"-box, 
the strains deing read directly in siero-ineches per ineb. *# 
Gage Factor of 2.00 was wused for the eingle wire etrain gages 
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sinoe their Gage Factor of 1.21 eould net be aeccomacdated on 
the “K".hox. (See Hegults and Diseussion for Gage factor 
correction method). 

Sinee these singie wire gages, ineluding the dummy 
gage, lacked stenderdization in respect to length and ohas 
resistance, they could net all be balaneed with the duany gage 
on the *i"-Gex. Their resistances varied from 26.2 ohms to a 
maxieum of 57.4 ohms for the dummy gage. Oy placing a elide 
wire potentiometer in carallel with the dumay gage ite resiet- 
anee could be cut down to mateh the others and the *K*-Bex 
could be balanced. 

The testing procedure wae standard for obtaining the 
rosette and Ames dial readings. ne quarter pei. loading in- 
eremente up to one and one-querter pri were veed. <All gages 
zeroed to their original settings at the end of the tests. 

The same loads were used for the single wire gages 
but the load was released after each reading, the zero getting 
checked. A loading sequence was carried through completely 
with one gage before coving to the cext owe, thereby avoiding 
repeated heating and cooling of the potentiometer coils. 
Until this petentiometer became thoreughly heated, the result- 
ing change in resistance was very noticeable as a contineal 
ereep of the needle acrose the strain seale, In general, runs 
were not started unless the creep bad drepped to less then 
ten alero-inches per minute with adjustaente being made ahen 
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necessary for advarice of the sero setting. 
Due to the nature of the investigation, repeated 
poere eae 


= 


— 





a 











10 


MESULTS ABD DIBTL ASIN 


I, Shear <tressee (Jingle #ire 45° Strain Gages) 


Since the sain objective of this projeet was to per- 
feet and prove thie eetbed of teating, great care woe tacen in 
obtaining the strain readings (Tables 1 through V) of tre 
single wire gages. tach reading wae taken individwally, tbat 
fe, the air load was released after each reading end the sero 
setting of the “A"-Oox checked. “Sepeated runs were made to 
deterzine if there was any slippage or creep in the gage it- 
self. Gage (6A, Tadle 4, may bave been a case where slippage 
eceurred between the first tro rune and the last four. Two 
ef the gages, §2 and (12, were broken accidentally before re- 
peated rune could be made. 

The best average wae caleulated for eact set of runs 
and was plotted with all points being shown (Fig. 4 tureugh 
9). Sinee the Sage Factor, 1.51, of the single wire gages, 
(Zee Appendix 5), eovld not be accommedsted om the "K"-Goex, 
an arbitrary Gege Factor of £.00 was used. The best average 
rene were then corrected to the Gage actor of 1.31 aa fol- 
lewa: 

“Veorreeted) * ~ (as reat) * f-¥? 

These final cerrected values are plotted for ou#- 
parison in Fig. 10. It will be moted that Geges /4 and §68 
show the cleeest semblence of Guplieation. It is sesnped 
then, for lack of better data, that their average et 1-1/4 
psi, of 190 micre-inehes per inch is « vonafide values. Then 
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by use of kc. ? above, on page 4, the shearing strese can be 
de termined. 

The valee of £ fer use here wae seleoted aa 260 ,000 
pei, and ues 0.96 (ref. 5 an@ 6). Inserting these and “go, 
of 199 in Sq. 5 givea: 


Cth ‘a 
= 960,008, x Age 


CT # 35 pel. 
For comparison, tq. 4, page 4, gives: 


To ae+ Amhtegee 


CT 2 39.8 pet. 

The strees value calculated frow the experieental 
results shovld be comsidered with caution due to the three 
variables involved in its eomputation; namely, “gax, &, and 
AA. S may vary from 10,009 pel tangentially te 450,000 pal. 
parallel to the wood grain. Likewise, the six values of 
Poisson's Ratio fer balsa vary from 0.009 to 0.86, depending 
wpon the plane ef the stresses under consideration. « dif- 
ferent oolce of Z could have varied the result coneiderebly. 
Hence before this testing methed, once perfected, could be of 
value, a sore rigorovs determination of the echarecteristics, 
Kk and 4. , sust be accomplished. 

Although the Eagy used above was approxinately the 
largest obteined, there is no indicetion that it ia a true 
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reading. ‘48 can be seen on Fig. 10, very little duplication 
of readings between ccrresponding gages was attained. for 
instance, there is considerable spread saeng the valves of 
the tension gages, with a still greater differenee found for 
the compression gages. further, it was expected that the 
coupression~tension mates (i.¢., 1 & @, #43 & J4, ete.) would 
ve numerically equal but of opposite sign. Gages /1 and ié 
and 134 and £4 show some equality as aates but om the other 
hand they @o net ecroess-cheek, i.e., #1 and #3, and #2 and #4. 

Gage .34'e position covld be strengthened if the 
atraight line curwe of /1 and #11 were extended to erose the 
vertical axis and then the two curves maved positively end 
parallel-to their present position until they were seroed on 
the origin. here again, though, /3A does not agree closely 
with any of the compression gages as expected. 

Three factors that may have effected | hese results 
eould be; 

(1) The initial curvature of the plate. 


we Feailned, dae $0 Frietion be 


and the support, 


sioner genet f00 
in the lower Se 


(3) The feet that preeiee loading was limited by the use 
of a mercury manometer. 














Bespite the fect that complete success of the 
method was not realized, it was encouraging te finally get 
the correct end definite indications of tension and especial- 
ly compression. It is believed that this method of test 
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etiil has possibilities for fwrthber investigation. The sain 
difficulty is ceneerned with obtainiag a reliable bond between 
the core material ond the complete length of the aire gage. 
The only glue tried was wwiont Cement (5458, ordinarily weed 
with the Baldwin electrical strain gages. It lie believed that 
enee the glue had Sried that toe bond beteeen the vire and 
the balea was a permanent ons (except for the possibility of 
464A) simee the same resuite were ebtainable on repeated runs. 
Hewever, whether the wiele gage was incleded in this bond is 
net definite. 

Gther improvements could ve made without teo great 
@iffiewlty by cerreeting the tires fectors sentioned two 
paregrapha above. Alee it is suggested that the gages de 
moved radially inward from tee support. It may be that stress 
concentrations from the contact ares of the support were the 
eide. The writer used a clearance fram the support te the 
wire opening om the face of 1) the thicknees of the plate. 

A size 75 Grilled hole (0.081 in.) im the core, for 
threading the single wire gage, any give adequate gluing roca 
and make a snugger fit for the wire, The 80 (.0135 in) 
Grill originally used 414 eet allow for ample peesage of the 
glue while the /70 (.088 in.) Grill finally used way Seve 
been too lerge. . 

One final ieprovenent wauld be to make ocertair tmat 
the gage wire le perfectly straight shen bondsd. Ethervise a 
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subnormal tension reading will reswlt as the kinks ané slack 
are being taken up and absorbed with the loading. — 


II. Deflection end Faee Stresses 


The deflection date as taken with the Ames dial 
gages (Table VI and Fig. 13) appears reliable. However, the 
one-quarter pound leading increments are not proolse values 
elthonygh they were adequate for purposes of this test. When 
using such low pressure valves, an alechol wanometer would hav 
been more accurate, - = 
_ ss Krom the development of the deflection equation tn 
Appendix A, it is seen that the additional deflection due to 
shear deformation is practically negligible in the thin panel 
tested, even theugh shear stresses vere oresent. 

Two theoretical deflection curves (effect due to 
sbear deformation not ieeluéed) are slotted on Fig. 13 with 
the test deflection curves. “hile fairly close agreement is 
found for the 1/4 psi eurve, a large difference is neticed for 
the 1-1/4 pei loading curve. It te believed that thie diserep- 
ancy is due almeat entirely to the suppert frietion factor nen- 
tioned on page 12. «© inerease in normal load would imerease 
the effect of the longitudinal load and the plate deflection 
would tend to be less. ‘he strains as obtained free the 
reeettes were converted te priscips] stresees by use of Ref. 7 
(See Tables VII, V111, and Ih, and Figs. 11 and 1). The 
readings and results are believed te be acourate and reliable. 
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SW CLESIAN A 


(1) This single wire gage method of test for 
éeteraining shearing streases shows pesitive signe of 
workability. “eowever, its validity and reliability can 
not yet be accepted until present reavlts are sudstan- 
tiated by further investigation. 


(£) Teste are also needed to ecataetlish svit- 
abdle core values of & and 1, to be used in conjumetian 
with thie teat ocrecedure,. 


(3) The results obtained herein were xater- 
fally effected both by the original inherent curvature 
ef the plate and the fact that simply supported condi- 








AFPENDIX fi 
THECRY OF Face STRESS & DEFIGUT TUN 


I. Fuce Stresses 









From the theory of elasticity, the equaticns i'r stresses in the cross- 


section of a rectangular olate are: 
Oy i fe > ¥ + yj a) 
1-ae 2 x* i 


oye 82 | 22 ac 
eae Ligs "4 Tas 
P = Geflection. 


sive vertical distance fre 


neutral axis to stress pclint. 
> 
















Converted to oolar coordinates and a circular plate, the stress 


equations are: \ ¥F mee 
age ys Oy a] 
Cy —  eq? me th lias dr* 








Oy = Es (= 
[we |\ar™ 





ae 
tion, J 
Sai [a a3@ ae 





Apolying the LaGrange equation for the deflec 


p, it c_n be shewn (ref.3) that for the circular plate, 


Substituting in Eq. A3dy- 
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Applying boundary conditions to %q. AS, 


when r = R, 0, =O 


As-2p6 , gree Ea. Ab 
6¥N {+A 


Applying boundary conditions to Eq. ah, 


vaverl Ye tt, pte ©; 


e C= a 5 ae Eq. AT 
6YN 1+a 


Thus for outer fibre, top fuce, Eq. AS becomes, 


(See Fig. 2 for symbols) 


E,(4o + 2t 
op ae (er) (R*- ry] Eq. a8 


E, t, the 


leti) N= 21) 
O, = a (Ac +2te) p lera) (e>-r)/ Eq. AQ 


3 
6t, 4* 


Applying Eq. A9 to the plate terted, where, 


E = /0” pai A * 4 
4 = 0.236 in (0.23 belso exre plus recta cil) 
a A O0l2 Ee. Az hea tye = 0,298. 
z 2 
Oo = 2324p (r*-R*) > 


(1) Seide, paul und Stowell, E.Z.; "Lastic and Plastic Muckling of 
Simply Supsorted Metalite Type Sandwich Plites, NACA Tech. Note 1822, 
February 199. 








Taking the point of rosettes #2 and #3, where the radius is 7.3125 


inches and using a loading of 0.25 psi., 





VITI and IX, 









- 
os o, om yet pale ( Top foc ) 


= +2505 pwr Toa 4 (rarer foce) 
ay O.S 


0 psi. load, calculated gives, 


Op = + S, PET par 


e 
while test shows, 


Oo. = + 4230 ps’ 
Op SE TELCO pew 
At 0.75 psi., Galculated shows, 
Cy: TE BO psi. 
while tests gave, 


Sy, = -S 770 


Or = + 7650 
As can be seen the descrenency between the test results und the 
analytical results is getting larger with increased load due to the 
failure to achieve a simple support. The effects of the inherent 


longitudinal load are increasing with the load. 








I]. DRFLECTION 


the constants A and C, “quations A6 and &A 


Au > & ivi Ng, 







Eq. All 


test plate values to “q. All, the following 


is obtained, 





r— j0%0 r> + 183,200] 





P= 0,000003767 # 





Eq. Ai2 


or at the center, 
7 = 0.690 i Fq. Al3 


Considering deflections due tc shear as found in reference 9, page 
143, but using a constant cross-section value instead of a parabclic curve, 


the shear deflection is, 


i ¢ FZ (er) Fq. all 


Using a shear modulus for Metulite of this core and face of 


=v29,00Qpsi. from referenc- 5, Fig. h.01, at the center <q. All gives, 


+S, = 000674 po 


Total center deflecticn will be, 


fz (0.690 r 0.00674) 


= 06.69¢6/¢ f 


Or, in the cuse of the thn panel tested, the deflection due to 


sheur is only ©.98% of the total, or just lés® than one percent. 








Neglecting this negligible shear deflection und considering 5q. All 


alone, the following values for ay are found for the 0.25 psi., 


rsi., and the 1.25 psi. loading - 
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APY MRHIX B 


‘rodlems Gamcerning the Use ef the single 
“ire Strain Gage 


Nuewerous difficuities were encountered in attempt- 
ing to perfeet the installation of the single wire strain 
gage for use in this testing method. The greatest of these 
was obtaining a couplete and reliable bond between the wire 
and the core saterial. 

as mentioned in the dody of thie repert, a 0.0135 
ined hole wae first tried as a condwit through the core for 
the gage. After the gage wire was threaded turough the bele, 
glue was placed over the opening om seach face of the panel. 
The wire wae then siowly drawn back and forth through the 
cere so that the glue would be carried in through the longth 
ef the conduit. towerer, loading tests indicated that in- 
safficient glue was reaching the interior, since all gages 
slipped with the first loading. 

An attempt was «ade to correet this diffieulty dy 
beating the gage wire which in turn would heat and leosen 
passing ourrent through tbe wire, but it did met prove at 
all practical, the wire gages being too delicate. Sctien, 
te draw the glue tirowgh the core, was then tried en tre 
@.0185 ineb hole. in this case, the quick-drying glee 
would start hardening ae soen ss it reached the opposite 
face, thereby bleeking the passage ef sufficient give fer 
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bending. <A change to a larger hole, 0.068 ineh, corrected 
this trouble, but etill not enough of the gime was being 
distributed inside for satisfactory beading purposes. 

The most satisfactory gluing method tried and the 
one the final results were obtained from, was to smploy a 
hypo needle to intredneese the glue inte the gage hole, as 
wer.tioned earlier in the report. /fositive results were obd- 
tained in all ceses, althcugh very weak in some instances. 
A re-gluing of theese weak omes showed marked leprovenent, 
the old bend being locsened with a hypo injected solvent 
(aeetone). Although tris last method gave partial suceess 
it ean not be accepted cetil better duplication of results 
is obteined. 

Another probles mentioned in the report is the 
desirability of baving all the single sire gages of the 
eane resistance, or within a few ches, cf the duamy gage, 
resistance. 

The expesed portions of the gage wire should be 
a noticeadle effect on strain readings being taken from the 
*K".Box. 

Sinee the Gage factor, needed for use with the 
"k*~Box, of this siagle gage wire was unknown, it had to 
be determined. The Gage Factor is eae constant fer each type 
and size ef wire and is: 


= 


Qederress 460) BO), ele Weems © 6l pees he 
meee ofr eeip te le Gere fom Liles fe! cide aed 
Aeestim, gedit Cotten sebrue vel chase i ber etl Veeth 

baad Am BAUS Beceem piled) Creteele hea seme on 
Rs ek ee aT) Beets eee ot iewen lami) sa) am 
(Se fF Ovd ane TH Ben! fale al eemmrtel =) sibrer egy 
oo Oe ati ite) eget 48! a ~webiee tem bho 
Sewers cum wt came vm ace de peewee Nhe oe homind 
ci moor yyad Ceres SO we Se em te 
 Piedes eateejal ye © ANT ere pale cee bie ond 
De Re ee en 
NA Ne mi tenbigt acter Llane Ooinemee ot one ene ad 
| SS «§ SS ee -——° ~ a 
Laipnadebeesedatels Guadae wien satin — 
Se AE TS epee ate ake amined Be 
a FE A! De pee He Gee ve 
| RN Ae He ERAN OE te He wht tet nine 

[——— © -* ' 

eee ee 
RASS Oe One e! SEE Bont 11678 etd 
ee en ete 
ee ee a & & — CE ~, . 
ieee te oe ak | 
R08 qrweties em ote sae Shente ct Ve os" 
(Wt? tee not Seeteers 4 44 vererl eed ca? tenderers ov 
a ed bee ade Oe nie toe 


= ae 







































Pee 


Sines it was ivpractical] to seagure these factore 
for the wire concerned, the following seans was employed. 
« ons-vire puger-covered strain gage was made wp on «a steel 
red whose loading-strain curve was known. following the 
patter of the standard gages, this special one was eade dy 
firet gluing « piece cf rice paper te the rod and then 
stretohing a length of the wire lengituéinelly over the 
paper. Sore glue was applied and a tey cover of rice paper 
plaeed ever all. 

Shen the gage wea dry, the “E"-Bcx leade were 
soldered to the exposed ends and the red wes then tested in 
tension in a “ieble Testing Kachire. Three arbitrary Oage 
Factor settings were useo on teree loading rune (Tadle X). 

From the plotted reaulte (Fig. 14), the Gage 
Faster ef the wire gegs under test wae determined by eoa- 
pearing the three test curves to tre know etrain oerve, the 
relationskip being a direst proporticsa. 

Thus, 

Ren 1 a7. 8 77s 1 

jeer 1.30 


Run 2 OF. 5 518 x 2.04 1.88 


Ran 5 “7. = 18 x 8.80 1.20 


Average 1.324 
Renee, the G.F. for this case te 1.31. 
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TABLE I 


SINGLE WIRE STRAIN GAGS 


G.\GE RT/\DINGS (iticro inches) 


Gage # 1 
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TaBLE W 
SINGLE WIRE STRAIN GACES 


GAGF R®ADINGS (Micro inches) 
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TABI= VI 
ROSETTE STRAIN GAGES 


GiG® R°ADINGS (Micro inches) 


Top Face 


Strain Reading 
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Fig. 1 
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SINGL® VIRE STRAIN GAGES 
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Fig 23 
POSITIONING OF ROSFTTE & AMES GAGES 
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Kage. 12 
ANGLES TO PRINCIPAL AXIS 
(Rosette Gapes) 
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